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Materials and Methods

Materials
Y-doped BaZrO 3 samples (Table S1) were prepared using a chemical solution method. Compacts were prepared by isostatic pressing and these were sintered at 1580 °C for 24 hours under flowing air to obtain samples of greater than 92% theoretical density. The samples were hand crushed, sieved and then hydrated in a tube furnace using a literature procedure.
1,2 solution was added to a sapphire rotor, capped with a silica insert (seen at 0 ppm in the 1 H spectra) and a zirconia drive tip, and inserted into the DNP NMR probe. 4 The BZY samples for the DNP experiments were prepared by wet impregnation using d 6 This mixture was quickly stirred, centrifuged into a sapphire rotor, capped with a polyfluoroethylene plug and a zirconia drive tip, and inserted into the DNP NMR probe. 4 One sample of BZY30 was prepared similarly using 30 µL of 10 mM of bCTbK 5, 6 biradical solution in 1,1,2,2-tetrabromoethane.
7
All solid-state NMR experiments were performed on a commercial 9.4 T Bruker Avance III DNP solid-state NMR spectrometer equipped with a 263.7 GHz gyrotron microwave system.
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All NMR experiments were recorded with a 3.2 mm HXY triple-resonance MAS probe 3 (in λ/4 transmission mode) at ν 0 ( 1 H) = 400.26 MHz corresponding to the maximum enhancement proton position ε H for TOTAPOL at ν 0 (e -) = 263.7 GHz, with the X channel tuned to 13 
Computational Methods
Energetics and Configurations
First principles periodic solid-state density functional theory (DFT) calculations were carried out using the CASTEP code, 9 providing total energies, optimized structures and NMR parameters for configurations considered, and are similar to recent studies. [10] [11] [12] [13] [14] This combines a plane-wave basis set with the total energy pseudo-potential method and is ideal for periodic systems. The
Perde-Burke-Ernzerhof GGA-type (generalized-gradient approximation) exchange-correlation functional was used throughout. 15 Cell parameters and atomic positions of various configurations were fully geometrically optimized using a basis set cutoff of 50 Ry (680 eV) and without any symmetry constraints. A Monkhorst-Pack 16 k-point mesh of 3 × 3 × 3 was used S6 along with total energy, force, displacement and stress convergence tolerances of 1 × 10 -6 eV, 1 (pseudocubic lattice constant a 0 = 4.14 and 4.41 Å, respectively), that O-H bonds orient along the pseudocubic direction, leading to four possible protonic sites per oxygen atom. 21 This leads to 96 available protonic sites within the supercell, however, through symmetry operations this reduces to four unique configurations ( Figure S9 ): 'near', the proton is attached to an oxygen next to yttrium; 'planar', the proton is on the next nearest oxygen with the hydroxyl group orientated within the plane containing yttrium; 'perpendicular', the proton is on the next nearest oxygen with the hydroxyl group orientated out of the plane containing yttrium; 'distant', the proton is attached to an oxygen furthest from the yttrium. This also allows the influence of the Y dopant on the energetic minima of the protonic energy landscape to be monitored in relation to proton-dopant distance ( Figure S10 ).
NMR Calculations
NMR parameters were obtained from fully geometrically optimized configurations with the GIPAW approach. Zirconium, yttrium, oxygen and hydrogen atoms are in blue, purple, red and white, respectively.
Barium atoms have been omitted for clarity.
The final energies of all the configurations described above are taken from single point calculations and compared in Figure S10 . This provides a method of comparing energy minima values across the supercell energy landscape as a function of proton-dopant separation. The path of the proton from 'near' to 'distant' shows an increase of ~ 24 kJ.mol H -1 , demonstrating that the proton energetically prefers being in the vicinity of the yttrium dopant as in both 'near' and
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'planar' configurations. 2 This energetic 'trap' extends to the 2 nd yttrium-oxygen co-ordination shell, as shown by the ground state being the 'planar' configuration. 
